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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1 . This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the dielectric multilayers light filter characterized by 
changing and carrying out an optimal setup of the oxygen gas pressure in a chamber in the 
manufacture approach of the dielectric multilayers light filter which repeats the 1st dielectric 
film from the 1st source of vacuum evaporationo, and the 2nd dielectric film from the 2nd 
source of vacuum evaporationo by turns, and forms them on a substrate using the thin film 
deposition system which has at least two sources of vacuum evaporationo in a chamber with 
said 1 st dielectric film formation process and said 2nd dielectric film formation process. 
[Claim 2] Said thin film deposition system is electron-beam-evaporation equipment, and said 
1st dielectric film is Si02. Film, The 2nd dielectric film is Ti02. It is Si02 when it is the film. 
The oxygen gas pressure at the time of film formation x(0. 5**0.1) 10-4Torr, Ti02 The 
manufacture approach of the dielectric multilayers light filter according to claim 1 
characterized by setting the oxygen gas pressure at the time of film formation as x(1.4~1.5) 
10-4Torr, respectively, and considering substrate temperature as 200 **5-degree-C 
immobilization. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the dielectric 
multilayers light filter which repeats by turns the 1st and 2nd dielectric film with which 
refractive indexes differ, and forms it on a substrate. 
[0002] 

[Description of the Prior Art] A thin film deposition system is used for a dielectric multilayers 
light filter, for example, it is Si02 on BK-7 substrate. The film and Ti02 The film is repeated by 
turns, and it is formed and obtained. By controlling arrangement, thickness, etc. of each class 
optimally, the long wavelength edge filter which penetrates the long wavelength component 
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more than a certain wavelength, the short wavelength edge filter which penetrates a part for 
short wave Naganari below a certain wavelength, the band pass filter by such combination, etc. 
can be obtained further. 

[0003] In order to prevent aging of the optical property of these light filters, it is required to 
form each dielectric film precisely. In order to form a precise dielectric film, 
electron-beam-evaporation equipment and a sputtering system are used as a thin film 
deposition system. A precise dielectric film can be obtained by performing the ion assistance 
which irradiates [ coincidence ] an ion beam at a substrate at the time of vacuum evaporationo 
especially using electron-bearrrevaporation equipment. 

[0004] In order to carry out the laminating of the different dielectric film to a multilayer by 
turns, it is desirable to have at least two sources of vacuum evaporationo in one film formation 
equipment. Laminating formation of the multilayer dielectric film can be continuously carried 
out using such equipment, without breaking a vacuum. For example, it has two sources of 
vacuum evaporationo in a chamber, electron-beam-evaporation equipment equipped with the 
apparatus for generating ion for ion assistance is used, and it is Si02 to each source of vacuum 
evaporationo. A target and Ti02 The dielectric multilayers filter of the precise film can be made 
by arranging a target, evaporating these by turns and performing ion assistance. 
[0005] On the other hand, in order to form dielectric multilayers in two or more substrates with 
the above electron-beam-evaporation equipments at coincidence, it has the substrate electrode 
holder of the shape of a dome which can arrange two or more substrates. And in order to 
abolish dispersion, such as thickness of the dielectric film on two or more substrates, at this 
time, it is necessary between a substrate electrode holder and the source of vacuum 
evaporationo to insert a corrector plate. Equalization of the thickness between the substrates of 
a hoop direction is attained by fixing a corrector plate and rotating a substrate electrode holder 
during vacuum evaporationo. Moreover, by carrying out an optimal setup of the configuration 
of a corrector plate, equalization of the thickness of the direction of a path of a substrate 
electrode holder can be attained. 

[0006] Although thickness equalization on a substrate electrode holder can be attained by using 
a corrector plate as mentioned above, when performing ion assistance, on the other hand, it 
becomes the cause by which this corrector plate makes an ununiformity ion irradiation 
distribution on a substrate electrode holder. If it designs so that dome-like substrate 
electrode -holder-like distribution [ ion irradiation ] may become nothing homogeneity in a 
corrector plate, it can be said by inserting a corrector plate that the homogeneity of the ion 
irradiation distribution is naturally spoiled. And if ion irradiation distribution becomes an 
ununiformity, the optical property of the dielectric film in two or more substrates on a 
substrate electrode holder will vary. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, by the conventional approach, 
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when two or more dielectric multilayers filters were formed in coincidence, preventing 
dispersion between substrates and obtaining the outstanding dielectric multilayers filter with 
little aging of an optical property moreover had the problem of being difficult. 
[0008] It aims at offering the manufacture approach of the dielectric multilayers light filter 
which enabled it to have made this invention in view of the above-mentioned point, to prevent 
dispersion between substrates, and to obtain the outstanding dielectric multilayers filter with 
little aging of an optical property moreover. 
[0009] 

[Means for Solving the Problem] This invention is characterized by changing and carrying out 
an optimal setup of the oxygen gas pressure in a chamber with said 1st dielectric film formation 
process and said 2nd dielectric film formation process in the manufacture approach of the 
dielectric multilayers light filter which repeats the 1st dielectric film from the 1st source of 
vacuum evaporationo, and the 2nd dielectric film from the 2nd source of vacuum evaporationo 
by turns, and forms them on a substrate using the thin film deposition system which has at 
least two sources of vacuum evaporationo in a chamber. 

[00 10] In this invention, said thin film deposition system is electron-beam-evaporation 
equipment preferably. Said 1st dielectric film is Si02. The film and the 2nd dielectric film are 
Ti02. When it is the film, Si02 It is the oxygen gas pressure at the time of film formation 
x(0. 5**0.1) 10-4Torr and Ti02 The oxygen gas pressure at the time of film formation is set as 
x(l.4-1.5) 10-4Torr, respectively, and it is characterized by considering substrate temperature 
as 200 **5-degree-C immobilization. 
[0011] 

[Function] Conventionally, it is Si02 within one vacuum evaporationo equipment as mentioned 
above. The film and Ti02 When forming the film by turns, usually conditions, such as gas 
pressure and substrate temperature, were kept constant. However, according to research of 
this invention persons, when a dielectric film of a different kind with 
electron-beam-evaporation equipment was formed, it became clear that the vacuum 
evaporationo conditions for obtaining the outstanding optical property with little [ dielectric 
film / each ] aging are not the same. Then, in this invention, an optimal setup of the oxygen gas 
pressure in a chamber is changed and carried out with the 1st dielectric film formation process 
and the 2nd dielectric film formation process. The dielectric multilayers filter which this shows 
a stable optical property equivalent [ without ion assistance ] to the case where ion assistance is 
performed can be obtained. And if ion assistance is not performed, the problem of the 
ununiformity of ion beam exposure distribution is lost, and equalization of the property of the 
dielectric multilayers filter formed in two or more set plate is attained. 

[0012] Especially a thin film deposition system is electron-beam-evaporation equipment. The 
1st dielectric film Si02 film, The 2nd dielectric film is Ti02. It is Si02 when it is the film. The 
oxygen gas pressure at the time of film formation x(0. 5**0.1) 10-4Torr, Ti02 By setting the 
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oxygen gas pressure at the time of film formation as x(l.4"1.5) 10-4Toi'r, respectively, and 
considering substrate temperature as 200 **5-degree-C immobilization In order to be able to 
obtain the vei^ small optical property of aging without ion assistance and not to use ion 
assistance, dispersion between substrates is reduced effectively. 
[0013] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
Drawing 1 is the outline configuration of the electron-beam-evaporation equipment used for the 
example. A chamber 1 is connected to the evacuation equipment which is not illustrated, and it 
is adjusted by the bulb 8, and oxygen gas is introduced. Inside the chamber 1, 1st and 2nd at 
least two sources of electron beam evaporation 2a and 2b are arranged at the lower part, and, 
up, the dome-like substrate electrode holder 3 is arranged. The corrector plate 5 of a 
predetermined configuration is arranged under the substrate electrode holder 3. 
[0014] Drawing 2 is drawing which looked at the parts of the substrate electrode holder 3 and a 
corrector plate 5 from the lower part, a hole 9 can open in the location which should hold a 
substrate in the substrate electrode holder 3, and a substrate 4 is held so that this hole 9 may 
be covered. The shutter plates 6a and 6b are arranged, and it has come to be able to perform 
the change of an emission promptly with these shutter plates 6a and 6b on 1st and 2nd source 
of vacuum evaporationo 2a, and 2b. The ion beam generation source 7 for ion assistance is 
formed in the lower side face of a chamber 1. However, this ion beam generator 7 is not used in 
this invention. 

[0015] Such equipment is used and it is Si02 to 1st source of vacuum evaporationo 2a. It is 
Ti02 to a target and 2nd source 2b of vacuum evaporationo. Setting a target, setting a 
substrate 4 to the substrate electrode holder 3, setting up the oxygen gas pressure and 
substrate temperature in a chamber 1, and rotating the substrate electrode holder 1, 1st and 
2nd source of vacuum evaporationo 2a and the vacuum evaporationo from 2b are repeated by 
turns, and dielectric multilayers are formed. 

[0016] In advance of explanation of a concrete example, the experimental data which 
determines the oxygen gas pressure in a chamber and substrate temperature is explained 
below as film formation conditions that the optical property which was excellent without 
performing ion assistance is obtained. It is Si02 without [ using oxygen gas pressure in a 
chamber, and substrate temperature as a parameter on BK-7 substrate ] ion assistance. 
Monolayer and Ti02 Monolayer was formed. About each monolayer, it was left in atmospheric 
air for two months, and change deltan of a refractive index and wavelength shift deltalambda 
of a part light transmission property were measured. 

[0017] Wavelength shift deltalambda of a part light transmission property is explained here. As 
shown in drawing 3 , it is Si02 to BK-7 substrate 31. Or Ti02 If monolayer 32 is formed and a 
light transmission property is measured that much, it will become like drawing 4 . The 
continuous line of drawing 4 is a property immediately after film formation, and a broken line 
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is a property for example, after two-month neglect. Change part deltalambda of these 
permeability properties is the wavelength shift said here. 

[0018] Drawing 5 is the measurement data (substrate temperature of 300 degrees C) of 
re tractive -index change deltan to the oxygen- gas-pressure force about each monolayer, and, 
similarly drawing 6 is the measurement data (substrate temperature of 300 degrees C) of a 
wavelength shift to oxygen gas pressure. Moreover, drawing 7 is the measurement data (for 
Si02, 0.5xl0-4Torr and Ti02 are [ oxygen gas pressure ] 2xlO _ 4Torr) of refractive-index change 
deltan to the substrate temperature about each monolayer, and, similarly drawing 8 is the 
measurement data (for Si02, 0.5xlO-4Torr and Ti02 are [ oxygen gas pressure ] 2xl04Torr) of 
wavelength shift deltalambda to substrate temperature. 

[0019] Although it is thought in the above measurement data that the main causes of 
wavelength shift deltalambda are in change deltan of a refractive index, for example, it is 
expected that a curve with almost same drawing 5 and drawing 6 is drawn, it is Ti02 in fact in 
the one where oxygen gas pressure is higher. The measurement data of monolayer is greatly 
shifted among both. This is considered that a certain unexpected factor has influenced. The 
same is said of the relation between drawing 7 and drawing 8 . 

[0020] The measurement data of drawing 5 and drawing 6 to Si02 About monolayer, 
refractive-index change deltan and wavelength shift deltalambda is min near 
oxygen- gas -pressure 0.5xl0-4Torr. Ti02 About monolayer, refractive -index change deltan and 
wavelength shift deltalambda is min near oxygen-gas-pressure 1.5xlO _ 4Torr. 
[0021] On the other hand, it is the measurement data of drawing 7 to Si02. About monolayer, it 
is near the substrate temperature of 300 degrees C, and is Ti02. About monolayer, it is near 
the substrate temperature of 200 degrees C, and refractive-index change deltan has become 
min. The substrate temperature from which the complicated curve is drawn in the 
measurement data of drawing 8 , and wavelength shift deltalambda becomes min is Si02 
although it does not ask clearly. About monolayer, it is near 300 degree C and Ti02. About 
monolayer, near 200 degree C is too considered to be optimum conditions. However, Si02 The 
film and Ti02 It is difficult to change substrate temperature, when repeating the film by turns 
and forming it in practice. 

[0022] Dispersion in conditioning is taken into consideration from the above consideration 
result, and it is Si02. It is the oxygen gas pressure at the time of film formation x(0. 5**0.1) 
10-4Torr and Ti02 A change setup of the oxygen gas pressure at the time of film formation is 
carried out at x(l.4"1.5) 10"4Torr, respectively, and substrate temperature is understood that it 
is desirable as 200 **5-degree-C immobilization to make a multilayers filter. 
[0023] The long wavelength edge filter was actually created on above-mentioned optimal film 
formation conditions. Drawing 9 is the configuration of the edge filter, the equipment of 
drawing 1 - using - ion assistance - not carrying out the BK>7 substrate 91 top - Si02 The 
film 92 and Ti02 the film 93 - alternation - repeating - forming - all - the multilayers of 45 
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layers were formed. The optical thickness of each class is Si02. About the film 92, it is thick 
little by little sequentially from the bottom in 0.840xlambda/4-1.850xlambda/4, and is Ti02. 
About the film 93, similarly, it has set up so that it may become little by little thick sequentially 
from the bottom in 0.800xlambda/4"0.940xlambda/4. 

[0024] Drawing 10 shows the permeability property of the long wavelength edge filter obtained 
according to this example, moreover, this long wave as a result of measuring the difference of 
the edge wavelength after leaving it for two months in the edge wavelength immediately after 
creation of a long edge filter, and atmospheric air, the amount of edge wavelength shifts was 
5~6nm. The data is shown in Table 1 as compared with the conventional example. 
[0025] 
[Table 1] 



[0026] Conventional example ** of Table 1 is Si02. The film and Ti02 It is the case where set 
membranous formation conditions constant oxygen -gas -pressure 1.4xl0-4Torr regularity and 
the substrate temperature of 200 degrees C, and ion assistance is performed. Conventional 
example ** is Si02. The film and Ti02 It is the case where set membranous formation 
conditions constant oxygen- gas-pressure 1.4xl0"4Torr regularity and the substrate 
temperature of 200 degrees C, and ion assistance is not performed. 

[0027] Ion assistance is not performed but, moreover, it is Si02. The film and Ti02 In 
conventional example ** which fixed membranous formation conditions, the amount of edge 
wavelength shifts is as large as about 20nm. In conventional example ** which performed ion 
assistance, the small value equivalent to an example as an amount of edge wavelength shifts is 
acquired. However, in this conventional example **, dispersion in the property between 
substrates is large because of the ununiformity of ion irradiation distribution. 
[0028] According to this example as mentioned above, it is the oxygen gas pressure in a 
chamber Si02 The film and Ti02 In order to be able to obtain an optical property with little 
aging without ion assistance and not to perform ion assistance by changing and carrying out an 
optimal setup at a membranous formation step, dispersion in the property between substrates 
will become small. 

[0029] This invention is not restricted to the above-mentioned example. Although the example 
explained the long wavelength edge filter, this invention is applicable also like the short 
wavelength edge filter and band pass filter using the combination of other thickness. Moreover, 
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they are Si02 and Ti02 as dielectric materials. This invention is effective also when the thing 
of an except is used. Furthermore, also when a sputtering system is used instead of 
electron-beam-evaporation equipment, the same effectiveness is acquired by changing and 
carrying out an optimal setup of the oxygen gas pressure in the formation process of each 
dielectric film similarly. 
[0030] 

[Effect of the Invention] As stated above, in case a dielectric multilayers light filter is 
manufactured using the thin film deposition system which has at least two sources of vacuum 
evaporationo in a chamber according to this invention, dispersion between substrates can 
acquire the outstanding light filter property with little aging small by changing and carrying 
out an optimal setup of the oxygen gas pressure in a chamber with the 1st dielectric film 
formation process and the 2nd dielectric film formation process. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline configuration of the electron-beam-evaporation equipment used for 
the example is shown. 

[Drawing 2] It is drawing which looked at the substrate electrode holder of this equipment 
from the lower part. 

[Drawing 3] It is drawing for explaining the measuring method of the part light transmission 
property of dielectric monolayer. 

[Drawing 4] It is drawing showing aging of the part light transmission property of dielectric 
monolayer. 

[Drawing 5] They are the oxygen gas pressure of dielectric monolayer, and the measurement 
data of aging of a refractive index. 

[Drawing 6] It is the measurement data of the oxygen gas pressure of dielectric monolayer, 
and aging of a part light transmission property. 

[Drawing 7] It is the measurement data of aging of the substrate temperature of dielectric 
monolayer, and a refractive index. 

[Drawing 8] the substrate temperature of dielectric monolayer, and a spectrum — it is the 

measurement data of aging of a transparency property. 

[Drawing 9] It is the configuration of the edge filter by the example. 

[Drawing 10] It is the permeability property of the edge filter by this example. 

[Description of Notations] 

1 [ — A substrate electrode holder, 4 / — A substrate, 5 / — A corrector plate, 6 / — A 
shutter plate, 7 / — An ion beam generation source, 8 / — A bulb, 91 / — BK-7 substrate, 
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92 / — Si02 / The film, 93 — Ti02 Film. ] — A chamber, 2a — The 1st source of vacuum 
evaporationo, 2b — The 2nd source of vacuum evaporationo, 3 



[Translation done.] 
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